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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a metal-pol- 
ishing liquid especially favorable for steps of wiring sem- 
iconductor devices, and to a polishing method of using 
the metal-polishing liquid. 

BACKGROUND ART 

[0002] Various new microfabrication techniques have 
been being developed to satisfy the recent requirements 
of increased integration and advanced performance of 
large-scale integrated circuits (hereinafter referred to as 
LSI) of semiconductor devices. Chemical mechanical 
polishing (hereinafter referred to as CMP) is one of 
them, and this is frequently utilized in LSI production, 
especially for insulating interlayer planarization, metal 
plug formation, buried wiring pattern formation and the 
like in multi-level interconnection for LSI production. 
This technique is disclosed, for example, in USP 
4 , 944 , 836 . 

[0003] Recently, copper alloys have been being tried 
for interconnection to realize high-performance LSI. 
However, copper alloys are difficult to use in a process 
of dry-etching microfabrication that is frequently used in 
interconnection with conventional aluminium alloys. For 
this reason, a damascene process is essentially em- 
ployed for microfabrication with such copper alloys, 
which comprises depositing a thin film of a copper alloy 
on an insulating film having grooves previously formed 
therein, to thereby bury the copper alloy in the grooves, 
and thereafter removing the thin copper alloy film not 
buried in the grooves through CMP to form a buried wir- 
ing pattern of the copper alloy. This technique is dis- 
closed, for example, in Japanese Patent Laid-Open No. 
2 - 278822 . 

[0004] One general method of CMP of metal compris- 
es sticking a polishing pad on a circular platen, soaking 
it in a metal-polishing liquid, setting a substrate having 
a metal film formed thereon to the polishing pad to keep 
the metal film in contact with the pad, and rotating the 
platen while a predetermined pressure (this is hereinaf- 
ter referred to as a polishing pressure) is applied to its 
back to thereby remove the excess metal film owing to 
the mechanical friction between the polishing liquid and 
the hilled area of the metal film. 

[0005] The metal-polishing liquid for CMP generally 
comprises an oxidizing agent and solid abrasive grains, 
optionally containing an oxidized-metal etchant and a 
protective film-forming agent. It is considered that the 
basic mechanism of CMP comprises oxidizing the sur- 
face of a metal film followed by scraping away the oxi- 
dized layer from the metal film by the action of solid abra- 
sive grains. In the process of CMP, the oxidized layer of 
the metal surface in the grooved area of the metal film 
is not almost brought into contact with the polishing pad 


and is therefore almost free from the scraping action of 
the solid abrasive grains. Accordingly in this, the metal 
layer in the hilled area is removed through CM P, and the 
surface of the substrate is thereby planarized. The de- 
5 tails of the process are disclosed in Journal of Electro- 
chemical Society, Vol. 138 , No. 11 (issued in 1991 ), pp. 
3460 - 3464 . 

[0006] It is generally said that an oxidized-metal etch- 
ant, if added to the metal-polishing liquid, is effective for 
10 increasing the polishing rate in CMP. For the reason, it 
is understood that the oxidized-metal etchant added dis- 
solves the metal oxide particles having been scraped 
off by the solid abrasive grains in the metal-polishing liq- 
uid to thereby enhance the scraping ability of the solid 
15 abrasive grains. The metal-oxide etchant added in- 
creases the polishing rate in CMP, while, on the other 
hand, it etches even the oxidized layer of the metal film 
surface in the grooved area. As a result, the metal film 
surface in that area is exposed, and it is then further 
oxidized with the oxidizing agent. After this is repeated, 
the metal film in the grooved area is thereby much 
etched. Accordingly, in a case where such an oxidized- 
metal etchant is added to a metal-polishing liquid, the 
center part of the surface is depressed like a dish (this 
phenomenon is hereinafter referred to as dishing) and 
therefore could not be well planarized. To avoid this, a 
protective film-forming agent may be added to the met- 
al-polishing liquid. In the metal-polishing liquid contain- 
ing such a protective film-forming agent, it is important 
to well balance the effect of the oxidized-metal etchant 
with that of the protective film-forming agent in order that 
the etchant does not so much etch the oxidized layer of 
a metal film surface in the grooved area thereof but can 
efficiently dissolve the scraped oxidized layer particles 
so as to increase the polishing rate in CMP. 

[0007] Adding such an oxidized-metal etchant and a 
protective film-forming agent to a metal-polishing liquid 
to expect their chemical reactions increases the CMP 
rate (that is, the polishing rate in CMP) and is effective 
for reducing the damage of the metal layer surface pol- 
ished through CMP. 

[0008] However, the following problems (1 ) to ( 4 ) are 
inevitable in the process of buried wiring pattern forma- 
tion through CMP with a conventional metal-polishing 
liquid that contains solid abrasive grains. 

(1 ) The center part of the surface of the buried metal 
wiring pattern is isotropically etched (dishing). 

( 2 ) The surface polished with the liquid is scratched 
by the solid abrasive grains. 

(3) After polished, the surface must be washed to 
remove the solid abrasive grains still remaining 
thereon, but the washing operation is troublesome. 

( 4 ) The solid abrasive grains are expensive, and the 
waste treatment is costly. Accordingly, the cost of 
the CMP process itself is high. 

[0009] In addition, most of the metal-polishing liquid 
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is water. Therefore, the tank for transporting the liquid 
therein must be large, and the tank for storing it in a pol- 
ishing plant must be also large. That is, the metal-pol- 
ishing liquid requires a large space for producing, stor- 
ing, transporting and using it, and this is a bar to auto- 
mation in using the liquid in a polishing plant. Moreover, 
the cost of recycling the tanks used for transporting the 
liquid is extremely high, and this is still another problem. 
[0010] The problems may be solved if a concentrate 
of the metal-polishing liquid not containing a large 
amount of solid abrasive grains can be prepared. The 
production costs in metal-polishing liquid makers could 
be reduced, and, as a result, the costs of the dilutions 
of the concentrate could also be reduced. In addition, 
mass-production of the concentrate does not require in- 
creasing the scale of the existing production plants, for 
which, therefore, no additional capital investment is 
needed. This is another advantage of the concentrate. 
In view of the advantages in using it, the concentrate is 
preferably prepared to have a degree of concentration 
of at least 10 times that of the diluted liquid thereof to 
be actually used in metal polishing. 

[0011] On the other hand, for LSI interconnection of 
high reliability with neitherdishing norcopperalloy etch- 
ing in the polishing process, proposed is a method of 
using a metal-polishing liquid that comprises aminoace- 
tic acid e.g., glycine or amidosulfuric acid serving as an 
oxidized-metal etchant, and benzotriazole (hereinafter 
referred to as BTA) serving as a protective film-forming 
agent. This technique is described, for example, in Jap- 
anese Patent Laid-Open No. 8-83780. 

[0012] However, since the solubility in water of BTA is 
low (2 g in 1 00 cc of 20°C water), some metal-polishing 
liquids of that type could not be concentrated into 1 0-fold 
concentrates (for example, the metal-polishing liquid 
containing 0.2 % by weight of BTA can be concentrated 
into 5-fold concentrates, but if concentrated into 10-fold 
concentrates, BTA is deposited therein at 0°C or lower). 
Accordingly, desired is a metal-polishing liquid contain- 
ing BTA and capable of being concentrated into 10-fold 
or more concentrates, not forming a deposit of BTA in 
the concentrates even in ordinary environments at 0°C 
or higher. 

DISCLOSURE OF THE INVENTION 

[0013] One object of the present invention is to pro- 
vide a metal-polishing liquid capable of being readily 
prepared by diluting a metal-polishing liquid material of 
high concentration and capable of realizing the forma- 
tion of buried metal film patterns of high reliability. An- 
other object of the invention is to provide a method for 
producing the metal-polishing liquid; a metal-polishing 
liquid material to be used in the method; and a polishing 
method of using the polishing liquid. 

[0014] To attain the objects as above, the invention 
provides a metal-polishing liquid that comprises an ox- 
idizing agent, an oxidized-metal etchant, a protective 


film-forming agent, a dissolution promoter for the pro- 
tective film-forming agent, and water. 

[0015] The metal-polishing liquid of the invention may 
contain abrasive grains, but may not substantially con- 
5 tain solid abrasive grains. In the case where it contains 
solid abrasive grains, it is possible to perform high- 
speed polishing. In the case where it does not contain 
solid abrasive grains, abrasive scratches are drastically 
reduced since CMP without solid abrasive grains is at- 
tained by friction to a polishing pad that is mechanically 
far softer than solid abrasive grains. 

[0016] As a material for preparing the metal-polishing 
liquid of the invention, herein provided is a metal-polish- 
ing liquid material that comprises an oxidized-metal 
etchant, a protective film-forming agent and a dissolu- 
tion promoter for the protective film-forming agent. The 
metal-polishing liquid material of the invention may fur- 
ther contain an oxidizing agent, water and/or abrasive 
grains. 

[0017] It is easy to prepare a metal-polishing liquid 
from the metal-polishing liquid material of the invention 
by diluting the material and optionally adding thereto any 
additional ingredients. Forthis, the invention provides a 
method for producing a metal-polishing liquid that com- 
prises a step of diluting the metal-polishing liquid mate- 
rial of the invention with a diluent. 

[0018] For the diluent, preferred is water or an aque- 
ous diluent solution. The aqueous diluent solution pref- 
erably contains at least one of an oxidizing agent, an 
oxidized-metal etchant, a protective film-forming agent 
and a dissolution promoter for the protective film-form- 
ing agent. The above-mentioned dilution step in the 
method may be for diluting the metal-polishing liquid 
material that contains at least one ingredient of an in- 
gredient group consisting of an oxidizing agent, an oxi- 
dized-metal etchant, a protective film-forming agent and 
a dissolution promoter for the protective film-forming 
agent, with an aqueous diluent solution of at least one 
ingredient of the ingredient group. 

[0019] The metal-polishing liquid material of the in- 
vention may be a composition prepared by mixing all the 
constituent ingredients, or may be a combination of at 
least two compositions each containing any of the con- 
stituent ingredients. Concretely, for example, the metal- 
polishing liquid material of the invention may be com- 
posed of a first constituent element and a second con- 
stituent element not mixed as yet. In this, the first con- 
stituent element contains at least one ingredient of an 
ingredient group consisting of an oxidizing agent, an ox- 
idized-metal etchant, a protective film-forming agent 
and a dissolution promoter for the protective film-form- 
ing agent; and the second constituent element contains 
the other ingredients of the ingredient group. 

[0020] For preparing a metal-polishing liquid from the 
metal-polishing liquid material that comprises at least 
two constituent elements as above, the invention herein 
provides a method that comprises a step of mixing the 
above-mentioned first and second constituent elements 
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and a diluent in any desired order. The order of mixing 
them is not specifically defined, and may be determined 
in any desired manner, depending on the properties of 
the compounds to be used and the temperature of the 
liquids to be mixed. 

[0021] Preferably, the first constituent element con- 
tains an oxidizing agent, and the second constituent el- 
ement contains an oxidized-metal etchant, a protective 
film-forming agent, and a dissolution promoter for the 
protective film-forming agent. If desired, the first constit- 
uent element may contain a protective film-forming 
agent and a dissolution promoter for the agent. Also if 
desired, the first and second constituent elements may 
independently contain any other ingredients. 

[0022] It is desirable that the oxidizing agent is not 
heated at a temperature higher than 40°C, since the de- 
composition of the agent is promoted at such a high tem- 
perature. Therefore, in the mixing step, it is desirable 
that the oxidizing agent and a mixture containing it (for 
example, the first constituent element, as well a mixture 
of the first and second constituent elements, and also 
their dilutions) are kept at a temperature at highest 
40°C. 

[0023] Preferably, at least a part of the protective film- 
forming agent is in the form of solid particles having a 
mean particle size of at most 1 00 pm, and the agent of 
this type is dissolved or dispersed in the metal-polishing 
liquid. Unless otherwise specifically indicated, the mean 
particle size referred to herein indicates a number-aver- 
age particle size of particles. 

[0024] The invention further provides a polishing 
method using the metal-polishing liquid of the invention. 
Specifically, the polishing method which the invention 
provides comprises applying the metal-polishing liquid 
of the invention to a polishing pad set on a platen, and 
while keeping the surface of an article to be polished in 
contact with the polishing pad, moving the polishing pad 
and the surface of the article relatively to each other to 
thereby polish the surface of the article. 

[0025] The polishing method of the invention may fur- 
ther comprises a step of mixing the first and second con- 
stituent elements and a diluent in any desired order to 
prepare the metal-polishing liquid, prior to the polishing 
step. 

[0026] Different from conventional polishing liquids, 
the metal-polishing liquid of the invention is readily pre- 
pared from the metal-polishing liquid material having a 
high concentration by diluting the material, and there- 
fore its advantages are that the costs for producing the 
metal-polishing liquid can be reduced, the capacity of 
the tanks for transporting the liquid can be reduced, and 
the capacity of the tanks for storing, transporting and 
using it in polishing plants can be reduced. 

[0027] To the metal-polishing liqu id, added is a disso- 
lution promoter which is for essentially increasing the 
solubility in water of the protective film-forming agent. 
Accordingly, the material for the metal-polishing liquid 
may have a broader and higher concentration, in ac- 


cordance with the polishing capabilities of the liquid. 

A. Constituent Ingredients: 

5 [0028] The constituent ingredients of the metal-pol- 

ishing liquid material and the metal-polishing liquid of 
the invention are described hereinunder. 

(1) Dissolution Promoter: 

10 

[0029] The dissolution promoter for use in the inven- 
tion is preferably a solvent in which the solubility of the 
protective film-forming agent is at least 25 g/liter, or a 
surfactant. These may be used either singly or as com- 
bined. 

a. Surfactant: 

[0030] A su rfactant, if added to the metal-polishing liq- 
uid material or the metal-polishing liquid of the invention, 
increases the solubility in water of the protective film- 
forming agent, since the hydrophobic groups in the pro- 
tective film-forming agent adsorb the surfactant and the 
hydrophilic groups in the thus-adsorbed surfactant act 
to increase the miscibility of the agent with water. 
[0031] The surfactant includes, for example, esters, 
ethers, polysaccharides, salts of amino acids, polycar- 
boxylic acids, salts of polycarboxylic acids, vinyl poly- 
mers, sulfonic acids, salts of sulfonic acids, and amides. 
One or more of these may be used either singly or as 
combined. 

[0032] The surfactant is grouped into anionic sur- 
factants, cationic surfactants, ampholytic surfactants 
and non ionic surfactants. Preferred examples of the sur- 
factants of all those groups for use herein are mentioned 
below. 

[0033] The anionic surfactants include salts of car- 
boxylic acids, salts of sulfonic acids, salts of sulfate es- 
ters, and salts of phosphoric esters. 

[0034] The salts of carboxylic acids include soap, 
salts of N-acylamino acids, polyoxyethylene alkyl ether- 
carboxylates, salts of polyoxypropylene alkyl ether-car- 
boxylic acids, polyoxypropylene alkyl ether-carboxy- 
lates, acylated peptides, etc. 

45 [0035] The salts of sulfonic acids include alkylsul- 
fonates, alkylbenzenesulfonates, alkylnaphthalenesul- 
fonates, naphthalenesulfonates, sulfosucci nates, a- 
olefin-sulfonates, N-acylsulfonates, etc. 

[0036] The salts of sulfate esters include sulfated oils, 
50 salts of alkylsulfates, salts of alkylether-sulfates, salts 
of polyoxyethylene allyl ether-sulfates, salts of polyoxy- 
propylene alkylallyl ether-sulfates, salts of alkylamido- 
sulfates, etc. 

[0037] The salts of phosphoric esters include salts of 
55 alkylphosphates, salts of polyoxyethylene alkylallyl 
ether phosphates, salts of polyoxypropylene alkylallyl 
ether phosphates, etc. 

[0038] The cationic surfactants include aliphatic 
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amine salts, aliphatic quaternary ammonium salts, chlo- 
robenzalkonium salts chlorobenzetonium, pyridinium 
salts, imidazolinium salts, etc. 

[0039] The ampholytic surfactants include carboxy- 
betaine-type surfactants, salts of aminocarboxylic ac- 5 
ids, imidazolinium betaine, lecithin, alkylamine oxides, 
etc. 

[0040] The nonionic surfactants include ether-type, 
ether-ester-type, ester-type, and nitrogen-containing 
surfactants, etc. Fluorine-containing surfactants are al- 
so preferred for use herein. 

[0041] The ether-type surfactants include polyoxyeth- 
ylene alkyl ethers, polyoxyethylene alkylphenyl ethers, 
alkylallylformaldehyde-condensed polyoxyethylene 
ethers, polyoxyethylene-polyoxypropylene block poly- 
mers, polyoxyethylene-polyoxypropylene alkyl ethers, 
etc. 

[0042] The ether-ester-type surfactants include glyc- 
erin ester-polyoxyethylene ethers, sorbitan ester-poly- 
oxyethylene ethers, sorbitol ester-polyoxyethylene 
ethers, etc. 

[0043] The ester-type surfactants include polyethyl- 
ene glycol-fatty acid esters, glycerin esters, polyglycerin 
esters, sorbitan esters, propylene glycol esters, sucrose 
esters, etc. 

[0044] The nitrogen-containing surfactants include 
fatty acid alkanolamides, polyoxyethylene-fatty acid 
amides, polyoxyethylene-alkylamides, etc. 

[0045] In addition, the following surfactants are also 
preferred for use herein: 

esters such as glycerin esters, sorbitan esters, 
methoxyacetate, ethoxyacetate and 3-ethoxypropi- 
on ate, alanine ethyl ester, etc.; 
ethers such as polyethylene glycols, polypropylene 
glycols, polytetramethylene glycols, polyethylene 
glycol alkyl ethers, polyethylene glycol alkenyl 
ethers, alkylpolyethylene glycols, alkylpolyethylene 
glycol alkyl ethers, alkylpolyethylene glycol alkenyl 
ethers, alkenylpolyethylene glycols, alkenylpoly- 
ethylene glycol alkyl ethers, alkenylpolyethylene 
glycol alkenyl ethers, polypropylene glycol alkyl 
ethers, polypropylene glycol alkenyl ethers, alkyl- 
polypropylene glycols, alkylpolypropylene glycol 
alkyl ethers, alkylpolypropylene glycol alkenyl 
ethers, alkenylpolypropylene glycols, alkenylpoly- 
propylene glycol alkyl ethers, alkenylpolypropylene 
glycol alkenyl ethers, etc.; 
sulfonic acids such as methyltauric acid, methyl sul- 
fate, butyl sulfate, vinylsulfonic acid, 1-allylsulfonic 
acid, 2-allylsulfonic acid, methoxymethylsulfonic 
acid, ethoxymethylsulfonic acid, 3-ethoxypropylsul- 
fonic acid, methoxymethylsulfonic acid, 
ethoxymethylsulfonic acid, 3-ethoxypropylsulfonic 
acid, sulfosuccinic acid, etc.; 
salts of sulfonic acids such as ammonium methyl- 
taurate, sodium methyltaurate, sodium methylsul- 
fate, ammonium ethylsulfate, ammonium butylsul- 


fate, sodium vinylsulfonate, sodium 1-allylsul- 
fonate, sodium 2-allylsulfonate, sodium meth- 
oxymethylsulfonate, ammonium ethoxymethylsul- 
fonate, sodium 3-ethoxypropylsulfonate, sodium 
methoxymethylsulfonate, ammonium ethoxymeth- 
ylsulfonate, sodium 3-ethoxypropylsulfonate, sodi- 
um sulfosuccinate, etc.; and 
amides such as propionamide, acrylamide, methy- 
lurea, nicotinamide, succinamide, sulfanylamide, 
etc. 

[0046] In a case where articles to be polished by the 
polishing liquid of the invention are silicon substrates for 
LSI, it is undesirable to contaminate them with alkali 
metals, alkaline earth metals and halides, therefore, ac- 
ids or their ammonium salts are preferred. However, in 
a case where articles to be polished are glass substrates 
and the like, no limitation is needed for them. 

[0047] The amount of the surfactant in the metal-pol- 
ishing liquid (this is ready for use, prepared from a ma- 
terial for it by optionally adding any desired additives 
thereto and by diluting it with a diluent) preferably falls 
between 0.01 g and 3 g relative to 1 00 g of the total of 
the oxidizing agent, the oxidized-metal etchant, the pro- 
tective film-forming agent, the surfactant and water. 
More preferably, it falls between 0.03 g and 1 g, partic- 
ularly preferably between 0.1 g and 0.8 g. If its amount 
is smaller than 0.01 g, the surfactant added will be inef- 
fective; but if larger than 3 g, too much surfactant will 
lower the rate of CMP. 

b. Solvent: 

[0048] To the polishing liquid material of the invention, 
added is a solvent in which the solubility of the protective 
film-forming agent existing in the material is at least 25 
g/liter in order to increase the solubility in water of the 
protective film-forming agent. Preferably, the solubility 
in the solvent of the protective film-forming agent is at 
least 40 g/liter, more preferably at least 50 g/liter. To that 
effect, especially preferred are good solvents for the 
protective film-forming agent. 

[0049] Preferred examples of the solvent serving as 
the dissolution promoter for the protective film-forming 
agent in the invention are organic solvents such as al- 
cohols, ethers, ketones, etc. These solvents may be 
used either singly or as a combination of any two kinds 
thereof or more. 

[0050] Preferred solvents forthe dissolution promoter 
for use in the invention are mentioned below. 

[0051] Alcohols such as methanol, ethanol, 1 -propa- 
nol, 2-propanol, 2-propyn-1-ol, allyl alcohol, ethylene 
cyanohydrin, 1 -butanol, 2-butanol, (S)-(+)-2-butanol, 
2-methyl-1 -propanol, t-butyl alcohol, perfluoro-t-butyl 
alcohol, t-pentyl alcohol, 1 ,2-ethanediol, 1 ,2-propanedi- 
ol, 1,3-propanediol, 1 ,3-butanediol, 2,3-butanediol, 
1 ,5-pentanediol, 2-butene-1 ,4-diol, 2-methyl-2,4-pen- 
tanediol, glycerin, 2-ethyl-2-(hydroxymethyl)-1 ,3-pro- 
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panediol, 1,2,6-hexanetriol, etc.; 

[0052] Ethers such as dioxane, trioxan, tetrahydro- 
furan, diethylene glycol diethyl ether, 2-methoxyethanol, 
2-ethoxyethanol, 2,2-(dimethoxy)ethanol, 2-isopropox- 
yethanol, 2-butoxyethanol, l-methoxy-2-propanol, 
1 -ethoxy-2 -propanol, furfuryl alcohol, tetrahydrofurfuryl 
alcohol, ethylene glycol, diethylene glycol, diethylene 
glycol monomethyl ether, diethylene glycol monoethyl 
ether, diethylene glycol monobutyl ether, triethylene gly- 
col, triethylene glycol monomethyl ether, tetraethylene 
glycol, dipropylene glycol, dipropylene glycol monome- 
thyl ether, dipropylene glycol monoethyl ether, tripropyl- 
ene glycol monomethyl ether, polyethylene glycol, diac- 
etone alcohol, 2-methoxyethyl acetate, 2-ethoxyethyl 
acetate, diethyleneglycol monoethyl ether acetate, etc.; 
[0053] Ketones such as acetone, methyl ethyl ketone, 
acetylacetone, cyclohexanone, etc. 

[0054] Of those solvents, more preferred are metha- 
nol, ethanol, 2-propanol, tetrahydrofuran, ethylene gly- 
col, acetone, and methyl ethyl ketone. 

[0055] The amount of the solvent added to the polish- 
ing liquid material is not specifically defined, but is pref- 
erably smaller than 50 g relative to 100 g of the total 
amount of the material. More preferably, it is smaller 
than 25 g. If the amount of the solvent is 50 g or more, 
there is the possibility that the rate of CMP is lowered 
because the interface to be polished is in a state differ- 
ent from that in the case of a water-based solvent sys- 
tem. 

(2) Protective Film-forming Agent: 

[0056] The protective film-forming agent is to form a 
protective film on the surface of the metal. It includes, 
for example, nitrogen-containing compounds such as 
ammonia, alkylamines, amino acids, imines and azoles, 
and their salts; sulfur-containing compounds such as 
mercaptans; and water-soluble polymers such as 
polysaccharides, polycarboxyl ic acids, salts of polycar- 
boxylic acids, vinyl polymers, etc. These may be used 
either singly or as a combination of two kinds thereof or 
more. 

[0057] Preferred examples of the protective film-form- 
ing agent for use in the invention are mentioned below: 

ammonia; 

amines, for example, alkylamines such as dimeth- 
ytamine, trimethylamine, triethylamine, propylene- 
diamine, etc.; ethylenediaminetetraaceticacid (ED- 
TA), sodium diethyldithiocarbamate, chitosan, etc.; 
amino acids such as glycine, L-alanine, p-alanine, 
L-2-aminobutyric acid, L-norvaline, L-valine, L-leu- 
cine, L-norieucine, L-isoleucine, L-alloisoleucine, L- 
phenylalanine, L-proline, sarcosine, L-ornithine, L- 
lysine, taurine, L-serine, L-threonine, L-allothreo- 
nine, L-homoserine, L-tyrosine, 3,5-diiodo-L-tyro- 
sine, p-(3,4-dihydroxyphenyl)-L-alanine, L-thyrox- 
ine, 4-hydroxy-L-proline, L-cysteine, L-methionine, 


L-ethionine, L-!anthionine, L-cystathionine, L-cys- 
tine, L-cysteic acid, L-aspartic acid, L-glutamic acid, 
S-(carboxymethyl)-L-cysteine, 4-aminobutyric ac- 
id, L-asparagine, L-glutamine, azaserine, L-ar- 
5 ginine, L-canavanine, L-citrulline, 5-hydroxy-L- 

lysine, creatine, L-kynurenine, L-histidine, 1-me- 
thyl-L-histidine, 3-methyl-L-histidine, ergot- 
hioneine, L-tryptophan, actinomycin Cl, apamine, 
angiotensin I, angiotensin II, antipine, etc.; 

10 imines such as dithizone, cuproin (2,2'-biquinoline), 
neocuproin (2,9-dimethyl-1 ,1 0-phenanthroline), 
vasocuproin (2,9-dimethyl-4,7-diphenyl-1 ,10- 
phenanthroline), cuperazone (biscyclohexanone- 
oxalylhydrazone), etc.; 

15 azoles such as benzimidazole-2-thiol, 2-[2-(benzo- 

thiazolyl)]thiopropionic acid, 2-[2-(benzothiazolyl)] 
thiobutyric acid, 2-mercaptobenzothiazole, 1,2,3- 
triazole, 1,2,4-triazole, 3-amino-1 H-1 ,2,4-triazole, 
benzotriazole, 1-hydroxybenzotriazole, 1-dihydrox- 
20 ypropylbenzotriazole, 2,3-dicarboxypropylbenzotri- 

azole, 4-hydroxybenzotriazole, 4-carboxyl-1 H-ben- 
zotriazole, 4-methoxycarbonyl-IH-benzotriazole, 
4-butoxycarbonyl-IH-benzotriazole, 4-octyloxycar- 
bonyl-IH-benzotriazole, 5-hexylbenzotriazole, N- 
25 (1 ,2,3-benzotriazolyl-l -methyl)-N-(1 ,2,4-triazolyl- 

1-methyl)-2-ethylhexy lamine, tolyitriazole, naph- 
thotriazole, bis[(1 -benzotriazolyl)methyl]phosphon- 
ic acid, etc.; 

mercaptans such as nonylmercaptan, dodecylmer- 
30 captan, triazinethiol, triazinedithiol, triazinetrithiol, 

etc.: 

polysaccharides such as alginic acid, pectic acid, 
carboxymethyl cellulose, curdlane, pullulane, etc.; 
salts of amino acids such as glycine ammonium 
35 salt, glycine sodium salt, etc.; 

polycarboxylic acids and their salts, such as pol- 
yaspartic acid, polyglutamic acid, polylysine, poly- 
malic acid, polymethacrylic acid, ammonium 
polymethacrylate, sodium polymethacrylate, polya- 
40 midic acid, polymaleic acid, polyitaconic acid, poly- 

fumaric acid, poly(p-styrenecarboxylic acid), poly- 
acrylic acid, polyacrylamide, aminopolyacrylamide, 
ammonium polyacrylate, sodium polyacrylate, poly- 
amidic acid, ammonium polyamidate, sodium 
45 polyamidate, polyglyoxylic acid, etc.; and 

vinyl polymers such as polyvinyl alcohol, polyvi- 
nylpyrrolidone, polyacrolein, etc. 

[0058] Of those protective film-forming agents, pre- 
50 ferred are chitosan, ethylenediaminetetraacetic acid, L- 
tryptophan, cuperazone, triazinedithiol, benzotriazole, 
4-hydroxybenzotriazole, 4-carboxy-1 H-benzotriazole 
butyl ester, tolyitriazole, naphthotriazole, polymalic acid, 
polyacrylic acid, polyacrylamide, ammonium polyacr- 
55 ylate, and polyvinyl alcohol, as they satisfy the two re- 
quirements of high CMP rate and low etching rate. 
[0059] The amount of the protective film-forming 
agent to be added to the metal-polishing liquid prefera- 
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bly falls between 0.0001 mol and 0.05 mol, more pref- silicon substrates with semiconductor chips mounted 

erably between 0.0003 mol and 0.005 mol, particularly thereon, it is undesirable to contaminate the articles with 

preferably between 0.0005 mol and 0.0035 mol, relative alkali metals, alkaline earth metals and halides, there- 
to 1 00 g of the total amount of the oxidizing agent, the fore, preferred are oxidizing agents not containing a 

oxidized-metal etchant, the protective film-forming 5 non-volatile component. However, since ozonized water 
agent, the dissolution promoter and waterthat constitute is unstable due to its greatly varying with time, most pre- 

the liquid. If its amount is smaller than 0.0001 mol, the ferred is hydrogen peroxide. In a case where articles to 

protective film-forming agent will be ineffective for etch- be polished are glass substrates with no semiconductor 

ing retardation; but if larger than 0.05 mol, the rate of chips thereon, the oxidizing agent may contain a non- 

CMP will be lowered. io volatile component. 

[0060] Preferably, the amount of the protective film- [0063] The amount of the oxidizing agent to be in the 

forming agent, of which the solubility in water at room metal-polishing liquid of the invention preferably falls 

temperature is lower than 5 % by weight, to be used in between 0.003 mol and 0.7 mol, more preferably be- 

preparingthe metal-polishing liquid material is not larger tween 0.03 mol and 0.5 mol, particularly preferably be- 

than 2 times the solubility of the agent in water at room is tween 0.2 mol and 0.3 mol, relative to 1 00 g of the total 
temperature, more preferably not larger than 1 .5 times. amount of the oxidizing agent, the oxidized-metal etch- 

Concretely, in general, the amount of the protective film- ant, the protective film-forming agent, the dissolution 

forming agent preferably falls between 0.0001 mol and promoter and water. If the amount of the oxidizing agent 

0.05 mol, preferably between 0.0003 mol and 0.05 mol, is smaller than 0.003 mol, metal oxidation with it will be 

more preferably between 0.0005 mol and 0.0035 mol, 20 unsatisfactory and the rate of CMP will be lowered; but 
relative to 100 g of the metal-polishing liquid material. If if larger than 0.7 mol, too much oxidizing agent will 
the amount of the protective film-forming agent therein roughen the surface of the article. The amount of the 
is larger than 2 times the solubility in water of the agent, oxidizing agent to be in the metal-polishing liquid mate- 

the concentrated liquid material could not be prevented rial generally falls between 0.03 and 0.7 mol relative to 

from forming a deposit of the agent when cooled at 5°C. 25 1 00 g of the material, but preferably falls between 0.3 

[0061] In a case where the protective film-forming mol and 0.5 mol, more preferably between 0.2 mol and 
agent to be used in preparing the metal-polishing liquid 0.3 mol relative to 1 00 g of the material, 
material of the invention is solid, it is desirable that the 

solid agent has a mean particle size of at most 100 pm (4) Oxidized-metal Etchant: 
and is dissolved or dispersed in the metal-polishing liq- 30 

uid material. Concretely, when the liquid material is com- [0064] For the oxidized-metal etchant, preferred is a 

posed of at least two constituent elements not mixed as water-soluble compound. Its preferred examples are or- 

yet (each element may be a single substance or a com- ganic acids, sulfuric acid and their ammonium salts, 

position of substances), the solid agent may be dis- These compounds may be used either singly or as a 

solved or dispersed in at least one constituent element. 35 combination of two kinds thereof or more. When used 
The solid, protective film-forming agent having such a in preparing the polishing liquid or the polishing liquid 

small particle size can be prepared, for example, by material, the compound may be added in the form of its 

grinding the solid agent. Using the solid, protective film- aqueous solution. 

forming agent having such a small particle size is desir- [0065] Specific examples of the oxidized-metal etch- 

able, as the surface area of the agent is large and there- 40 ant are mentioned below: 
fore the dissolution rate of the agent is high. In addition, 

even if fine particles of the solid agent are dispersed in organic acids such as formic acid, acetic acid, pro- 

the liquid material, not dissolved therein, they may be pionic acid, butyric acid, valeric acid, 2-methylbu- 

readily dissolved therein within a short period of time tyric acid, n-hexanoic acid, 3,3-dimethylbutyric ac- 

when they are mixed with the other ingredients and/or id, 2-ethylbutyric acid, 4-methylpentanoic acid, n- 

a diluent. Therefore, the mean particle size of the solid heptanoic acid, 2-methylhexanoic acid, n-octanoic 

agent is preferably at most 50 pm, more preferably at acid, 2-ethylhexanoic acid, benzoic acid, glycolic 

most 20 pm. acid, salicylic acid, glyceric acid, oxalic acid, malon- 

ic acid, succinic acid, glutaric acid, adipic acid, 
(3) Oxidizing Agent: 50 pimelic acid, maleic acid, phthalic acid, malic acid, 

tartaric acid, citric acid, etc.; 

[0062] The oxidizing agent to be used in the invention inorganic acids such as sulfuric acid, nitric acid, 

is a compound capable of oxidizing metals. Preferred chromic acid, etc.; 

examples of the oxidizing agent for use herein are hy- ammonia; and 

drogen peroxide, nitric acid, potassium periodate, hy- 55 salts such as ammonium salts of the above-men- 

pochlorous acid, ozonized water, etc. Of those oxidizing tioned organic or inorganic acids (e.g., ammonium 

agents, especially preferred is hydrogen peroxide persulfate, ammonium nitrate, ammonium chlo- 

(H 2 0 2 ). In case where the articles to be polished are ride), etc. 
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[0066] These may be used either singly or as a com- rate. 

bination of two kinds thereof or more. [0073] For colloidal silica, known is a method of pro- 

10067] Of the compounds, formic acid, malonic acid, ducing it through hydrolysis of silicon alkoxides or 

malic acid, tartaric acid and citric acid are favorable to through ion-exchange of sodium silicate. For colloidal 


films of copper, copper alloys, copper oxides or copper 
alloy oxides (and also to laminate films containing at 
least one of these metal layers). In particular, malic acid, 
tartaric acid and citric acid are preferred, as they ensure 
a practicable rate of CMP and can effectively control the 
etching rate. 

[0068] The amount of the oxidized-metal etchant to 
be in the metal-polishing liquid of the invention prefera- 
bly falls between 0.000001 mol and 0.005 mol, more 
preferably between 0.00005 mol and 0.0025 mol, par- 
ticularly preferably between 0.0005 mol and 0.001 5 mol, 
per 1 00 g of the total amount of the oxidizing agent, the 
oxidized-metal etchant, the protective film-forming 
agent, the dissolution promoter and water. If the amount 
of the etchant is larger than 0.005 mol, control of the 
etching tends to be difficult. The amount of the oxidized- 
metal etchant to be in the metal-polishing liquid material 
of the invention may fall generally between 1 x 1 0' 6 mol 
and 0.005 mol, but preferably between 5 x 1 0* 5 mol and 
0.0025 mol, more preferably between 0.0005 mol arid 
0.0015 mol, relative to 1 00 g of the metal-polishing liquid 
material. 

(5) Abrasive Grains: 

[0069] The metal-polishing liquid of the invention may 
not substantially contain solid abrasive grains, but may 
contain them. 

[0070] In a case where abrasive grains are used, the 
order of mixing and also the ingredients with which the 
abrasive grains are mixed are not specifically defined. 
When the metal-polishing liquid material is composed 
of at least two constituent elements not mixed as yet 
(each element may be a single substance or a compo- 
sition of substances), abrasive grains may be in any 
constituent element (that may be a single substance or 
a composition of substances), or may be in two or more 
such constituent elements. 

[0071] The abrasive grains may be any of, for exam- 
ple; 

inorganic abrasive grains of silica, alumina, ceria, 
titania, zirconia, germania, silicon carbide, etc.; and 
organic abrasive grains of polystyrene, polyacr- 
ylates, polyvinyl chloride, etc. 

[0072] Preferred for use herein are colloidal silica and 
colloidal alumina having a mean particle size of at most 
100 nm, since their dispersion stability in the polishing 
liquid is good and since they form few scratches in CMP 
with the liquid. More preferably, the mean particle size 
of the abrasive grains is at most 20 nm, since such small 
abrasive grains are effective for more rapidly polishing 
barrier layers, and for polishing silicon dioxide at a lower 


5 alumina, also known is a method of producing it through 
hydrolysis of aluminium nitrate. 

[0074] The amount of the abrasive grains to be in the 
metal-polishing liquid (this is ready for use, prepared 
from a material for it by optionally adding any desired 
10 additives thereto and by diluting it with a diluent) prefer- 
ably falls between 0.01 and 1 0 % by weight of the total 
amount of the liquid, more preferably between 0.05 and 
5 % by weight thereof. If their amount is smaller than 
0.01 % by weight, the abrasive grains added will be in- 
fs effective; but even if larger than 1 0 % by weight, the rate 
of CMP will be saturated and will be no more increased. 
The amount of the abrasive grains to be in the metal- 
polishing liquid material of the invention preferably falls 
between 0.01 and 10 % by weight, more preferably be- 
20 tween 0.05 and 5 % by weight of the total amount of the 
polishing liquid material. 

(6) Water: 

25 [0075] The metal-polishing liquid material of the in- 
vention may contain water. The amount of water in the 
material may be suitably determined, depending on the 
other constituent ingredients and their solubility in water. 
In general, the water content of the material may fall be- 
30 tween 50 and 98 % by weight, preferably between 70 
and 90 % by weight. In a case where some constituent 
ingredients of the material contain water, for example, 
when the oxidizing agent in the material is aqueous hy- 
drogen peroxide, the amount of water to be in the metal- 
35 polishing liquid material that contains such a water-con- 
taining ingredient is more preferably from 75 to 85 % by 
weight. On the other hand, the amount of water to be in 
the metal-polishing liquid material not containing such 
a water-containing ingredient is more preferably from 80 
40 to 90 % by weight. 

B. Method of Producing Metal-polishing Liquid: 

[0076] The metal-polishing liquid of the invention is 
45 prepared by diluting the metal-polishing liquid material 
of the invention, with a diluent. The concentration of 
each constituent ingredient in the metal-polishing liquid 
material (that is, the compositional ratio) shall be deter- 
mined, depending on the composition and the amount 
50 of the diluent to be used for diluting the material and on 
the concentration of each constituent ingredient of the 
metal-polishing liquid to be prepared (that is, the com- 
positional ratio). 

[0077] In a case where water is used for the diluent, 
55 the metal-polishing liquid material is so prepared that its 
composition and compositional ratio of the constituent 
ingredients except water are the same as those of the 
metal-polishing liquid; or that is, the watercontent of the 
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material is reduced to have an increased concentration. 

In that condition, when water is added to the material to 
dilute it, then a metal-polishing liquid having a desired 
composition can be prepared. 

[0078] On the other hand, in a case where an aqueous 5 
solution is used for the diluent, it is preferred that an 
aqueous solution containing at least one of an oxidizing 
agent, an oxidized-metal etchant, a protective film-form- 
ing agent and a dissolution promoter for the protective 
film-forming agent is used. In this case, a metal-polish- 
ing liquid material that contains at least one ingredient 
of the group consisting of an oxidizing agent, an oxi- 
dized-metal etchant, a protective f ilm-forming agent and 
a dissolution promoter for the protective film-forming 
agent is diluted with an aqueous diluent solution of at 
least one ingredient of that ingredient group to prepare 
the metal-polishing liquid of the invention. To this, any 
other desired ingredients may be added at the dilution. 
[0079] In that case of using such an aqueous diluent 
solution , the concentration of each ingredient of the met- 
al-polishing liquid material shall be so determined that 
the material can form, after the metal-polishing liquid 
material and the aqueous diluent solution (and additives 
to be added as required) have been mixed, a metal-pol- 
ishing liquid having a desired composition and a desired 
concentration. Accordingly in the case, hardly-soluble 
ingredients can be incorporated with the metal-polishing 
liquid material in a form of an aqueous solution, and 
therefore the concentration of the material for metal-pol- 
ishing liquid can be more increased. For that purpose, 
it is desirable that the aqueous solution contains a pro- 
tective film-forming agent of low solubility and a disso- 
lution promoter for the agent. 

[0080] In a case where the metal-polishing liquid ma- 
terial is composed of at least two constituent elements 
not mixed as yet (each element may be a single sub- 
stance or a composition of substances), the order of 
mixing the constituent elements with a diluent is not spe- 
cifically defined, and it may be determined in any desired 
manner depending on the solubility of each constituent 
ingredient and on the temperature at which they are dis- 
solved. For example, one or more constituent elements 
are mixed with a diluent added thereto and thereafter 
with the other constituent elements; or the constituent 
elements are first mixed and then with a diluent added 
thereto; or a diluent is first added to and mixed with each 
constituent element and thereafter the resulting constit- 
uent elements are mixed. Any of such methods may be 
employed for mixing the constituent elements with a 
diluent. 

[0081] Concretely, forexample, when used is the met- 
al-polishing liquid material composed of a first constitu- 
ent element A of an oxidizing agent and a second con- 
stituent element B that comprises an oxidized-metal 
etchant, a protective film-forming agent, a dissolution 
promoter and water, any of the following methods (1 ) to 
(5) may be selected and employed for preparing a met- 
al-polishing liquid (or that is, for diluting the metal-pol- 


ishing liquid material). 

(1) A method of mixing the constituent element A 
and the constituent element B followed by diluting 
the resulting mixture with a diluent. 

(2) A method of diluting the constituent element A 
with a diluent followed by mixing it with the constit- 
uent element B. 

(3) A method of diluting the constituent element B 
with a diluent followed by mixing it with the constit- 
uent element A. 

(4) A method of diluting the constituent element A 
and the constituent element B separately with a 
diluent followed by mixing the diluted constituent el- 
ement A and the diluted constituent element B. 

(5) A method of mixing the constituent element A, 
the constituent element B and a diluent almost at 
the same time. 

[0082] An ingredient of low solubility such as a pro- 
tective film-forming agent may be divided into two or 
more portions to be separately in different constituent 
elements. If so, there is a case where the ingredient may 
be well dissolved in each constituent element, not re- 
quiring an increased amount of the solvent (generally, 
water) for it. 

[0083] For example, in a case where a protective film- 
forming agent is divided into two portions to be sepa- 
rately in two constituent elements, the metal-polishing 
liquid material may be composed of a first constituent 
element A that comprises an oxidizing agent, one por- 
tion of the protective film-forming agent and a dissolu- 
tion promoter, and a second constituent element B that 
comprises an oxidized-metal etchant, the other portion 
of the protective film-forming agent, a dissolution pro- 
moter and water. 

[0084] In a case where a protective film-forming agent 
is divided into three portions to be separately in three 
constituent elements, the metal-polishing liquid material 
may be composed of, for example, a first constituent el- 
ement A that comprises an oxidizing agent, a second 
constituent element B that comprises an oxidized-metal 
etchant, and a third constituent element C that compris- 
es the protective film-forming agent and a dissolution 
promoter. 

[0085] In such cases of dividing a metal-polishing liq- 
uid material into a plurality of constituent elements each 
containing a portion of one and the same ingredient, a 
large amount of a protective film-forming agent of low 
solubility can be dissolved in a solvent (generally, water) 
and therefore the concentration of the metal-polishing 
liquid material can be increased. The number of the con- 
stituent elements into which the ingredients of a metal- 
polishing liquid material are divided is not limited to 2 or 
3 as in the embodiments mentioned above, and may be 
determined in any desired manner. 

[0086] The invention is not limited to the embodiments 
mentioned above, and may apply to any and every 
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method of preparing a metal-polishing liquid material of 
high concentration that comprises a plurality of constit- 
uent elements followed by diluting the material into a de- 
sired metal-polishing liquid. 

[0087] In the metal-polishing liquid of the invention, 
hydrogen peroxide suitable for the oxidizing agent de- 
composes at temperatures higher than 40°C. There- 
fore, if the liquid containing hydrogen peroxide is stored 
or used at temperatures higher than 40°C, the concen- 
tration of the oxidizing agent, hydrogen peroxide will 
vary and have some negative influences on the polish- 
ing speed. Therefore, it is desirable that the oxidizing 
agent and a mixture containing it are kept at a temper- 
ature not higher than 40°C. 

[0088] However, the solubility of compounds general- 
ly increases at higher liquid temperatures. Therefore, it 
is desirable that solutions of compounds of low solubility 
are kept at higher temperatures for ensuring higher sol- 
ubility of the compounds therein. 

[0089] Accordingly in the method of producing the 
metal-polishing liquid of the invention, it is desirable that 
the first constituent element containing an oxidizing 
agent is kept at a temperature not higher than 40°C 
while the other constituent elements are kept at temper- 
atures falling between room temperature and 100°C, 
and that, when the first constituent element is mixed with 
the other constituent elements or with a diluent, it is de- 
sired that the resulting liquid mixture is kept at a tem- 
perature not higher than 40°C. 

[0090] In a case where a compound of low solubility 
is dissolved under heat, the dissolved compound will be 
partly deposited in the solution when the temperature of 
the solution is lowered. In such a case, the solution is 
again heated so as to dissolve the compound therein 
before use. 

C. Polishing Method: 

[0091] Next described is the polishing method of the 
invention. 

[0092] The polishing method of the invention compris- 
es polishing a metal film with the metal-polishing liquid 
of the invention to thereby remove at least a part of the 
metal film. The polishing method of the invention is es- 
pecially favorable to polishing a metal laminate film con- 
taining a metal layer of at least one selected from cop- 
per, copper alloys, copper oxides and copper alloy ox- 
ides (hereinafter these are referred to simply as copper 
alloys). 

[0093] When the surface of a substrate, which has a 
desired groove pattern thereon and which is coated with 
a metal film containing any of copper and copper alloys 
(copper/chromium, etc.) to fill the patterned grooves on 
its surface, is polished in a mode of CMP with the metal- 
polishing liquid of the invention, the metal film in the 
hilled area of the substrate is selectively removed 
through CMP while the metal film in the grooved area 
thereof is left as it is, and, as a result, a desired conduc- 


tor pattern is formed on the substrate. 

[0094] The present inventors have found that, when 
the etching rate in the polishing step is controlled to be 
at most 10 nm/min, it produces a good result of planari- 
5 zation. As far as the CMP rate depression that results 
from the etching rate depression is within an acceptable 
range, the etching rate is preferably lower. For example, 
when the etching rate is controlled to be at most 5 nm/ 
min, dishing will be negligible even in a case of about 
io 50 % excess CMP (this means that the actual working 
time of CMP is about 1 .5 times the time necessary for 
removing the intended metal film through CMP). Fur- 
ther, the etching rate, if controlled to be not higher than 
1 nm/min, causes no problem of dishing even in 100 % 
15 or more excess CMP. 

[0095] The etching rate referred to herein is meant to 
indicate the rate of etching a metal film formed on a sub- 
strate when the substrate (this has a grooved pattern on 
its surface and is coated with a metal film to fill the 
20 grooves) is dipped in a metal-polishing liquid and the 
liquid is stirred at room temperature (25°C) at 100 rpm. 
The difference in the thickness of the metal film, before 
and after the treatment, is obtained in terms of the elec- 
tric resistance value of the metal film, and the etching 
rate is derived from the thickness difference. 

[0096] The polishing method using the metal-polish- 
ing liquid of the invention comprises applying the metal- 
polishing liquid of the invention to a polishing pad set on 
a platen, while keeping the surface of an article to be 
polished in contact with the polishing pad, moving the 
polishing pad and the surface of the article relatively to 
each other to thereby polish the surface of the article. 
[0097] Any ordinary polishing device is usable in the 
method of the invention. One example of the polishing 
device usable herein comprises a holder for a semicon- 
ductor substrate or the like having a surface to be pol- 
ished, and a platen with a polishing pad stuck thereon 
(this is equipped with a revolution-variable motor or the 
like). The polishing pad is not specifically defined, and 
any of nonwoven fabrics, polyurethane foams, porous 
fluorine resins and the like is usable. 

[0098] The polishing condition is not also specifically 
defined. Preferably, however, the rotation speed of the 
platen is not so high, at most 200 rpm, so that the sub- 
strate being polished is not off the polishing pad. The 
pressure under which the article (semiconductor sub- 
strate, etc.) to be polished (having a film to be polished) 
is to be pressed against the polishing pad preferably 
falls between 9.8 KPa and 98.1 KPa (between 100 and 
1000 gf/cm 2 ), more preferably between 9.8 KPa and 
49.0 KPa (between 1 00 and 500 gf/cm 2 ) for satisfying 
both the wafer in-plane uniformity of the polishing rate 
and the pattern planarization. 

[0099] While polishing, a metal-polishing liquid is con- 
tinuously fed to the polishing pad via a pump or the like. 
The amount of the polishing liquid to be fed thereto is 
not specifically defined, but is preferably such that the 
surface of the polishing pad is all the time covered with 
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the polishing liquid. 

[0100] After the completion of polishing, it is desirable 
that the semiconductor substrate is well washed with 
running water, then the water drops still remaining on 
the semiconductor substrate are removed by the use of 5 
a spin drier or the like, and thereafter the semiconductor 
substrate is dried. 

[0101] In the polishing method of the invention, the 
metal-polishing liquid of the invention may be previously 
prepared and put in a tank (polishing liquid tank) in a 
polishing apparatus, or the metal-polishing liquid may 
be prepared in the tank, and the liquid may be fed to a 
polishing pad; or the metal-polishing liquid material of 
the invention and a diluent may be separately fed to a 
polishing apparatus, and mixed in the apparatus (includ- 
ing the pipe line therein). In the latter case, the polishing 
liquid is prepared in the polishing apparatus while fed to 
a polishing pad. In any case, the above-mentioned 
method of producing the metal-polishing liquid of the in- 
vention applies to the preparation of the metal-polishing 
liquid. 

[01 02] For the method of preparing the metal-polish- 
ing liquid from its material in a polishing apparatus, for 
example, employed is a method that a pipe line for the 
metal-polishing liquid material and a pipe line for a dilu- 
ent meet to form one pipe line in which the two liquids 
from the two pipe lines are mixed and a diluted, metal- 
polishing liquid. The polishing liquid thus prepared is fed 
to a polishing pad. 

[0103] For mixing, employable is any ordinary meth- 
od. For example, the liquids to be mixed are introduced 
under pressure into a narrow pipe line so that they col- 
lide with each other to be mixed; or the pipe line for the 
liquids to be mixed therein is filled with a filler such as 
glass tubes or the like so that the liquid flows therein are 
repeatedly divided, separated and merged; or some 
power-driven blades are disposed in a pipe line. 

[0104] For preparing the metal-polishing liquid in a 
pipe line, also employable is a method that a pipe line 
for the material for the metal-polishing liquid and a pipe 
line for a diluent are independently provided, and the 
predetermined amount of the resultant two liquids from 
the two independent pipe lines are separately fed to a 
polishing pad on which they are mixed owing to the rel- 
ative motion of the polishing pad to the surface of the 
article to be polished. 

[0105] In a case where the metal-polishing liquid ma- 
terial is composed of a plurality of constituent elements, 
different pipe lines may be provided for every constitu- 
ent element to prepare the metal-polishing liquid in the 
same manner as the above-mentioned methods. 

[0106] In the polishing method of the invention, the 
constituent element containing an oxidizing agent of the 
metal-polishing liquid material may be kept at a temper- 
ature not higher than 40°C while the other constituent 
elements are kept at a temperature falling between 
room temperature and 100°C, and, after all these con- 
stituent elements have been mixed together, the result- 


ing mixture may be kept at a temperature not higher than 
40°C. Accordingly, the method is favorable for increas- 
ing the solubility of poorly-soluble constituent elements 
of the metal-polishing liquid of the invention, since the 
solubility of the ingredients increases at higher temper- 
atures. 

[0107] The constituent elements prepared by dissolv- 
ing the ingredients (except the oxidizing agent) at ele- 
vated temperatures falling between room temperature 
and 1 00°C will deposit in their solutions when the tem- 
perature of the solutions is lowered. Therefore, when 
cooled constituent elements are used, they must previ- 
ously be warmed in order to dissolve the deposit therein. 
To deal with this problem, a means for sending a liquid 
containing a warmed and dissolved constituent element 
(mixture solution) through a pipe line and a means for 
sending a deposit-containing liquid under stirring 
through a pipe line and for warming the pipe line to dis- 
solve the deposit therein may be provided. 

[01 08] When warmed constituent elements are mixed 
and if the temperature of the constituent element that 
contains an oxidizing agent is higher than 40°C, the ox- 
idizing agent will decompose. Therefore, it is desirable 
that the temperature of the constituent element to be 
warmed, the temperature of the oxidizing agent-contain- 
ing constituent element to be cooled, and the blend ratio 
of the two elements are so determined that the temper- 
ature of the mixture prepared by mixing the two ele- 
ments is not higher than 40°C. 

BEST MODES OF CARRYING OUT THE INVENTION 

[0109] The invention is described concretely with ref- 
erence to the following Examples, which, however, are 
not intended to restrict the scope of the invention. The 
polishing condition and others employed in the Exam- 
ples are mentioned below. 

«Polishing Condition» 

[01 1 0] With a metal-polishing liquid being fed to a pol- 
ishing pad fitted to a platen in a polishing apparatus, via 
a metering pump, both the polishing pad and a substrate 
to be polished are rotated relatively to each other, and 
the substrate is polished with the polishing pad under 
the condition mentioned below. Unless otherwise spe- 
cifically indicated, the polishing liquid is previously pre- 
pared and stored in one tank (polishing liquid tank), and 
this is introduced into the metering pump. 

[0111] Substrate: silicone substrate coated with a 1 
|xm-thick copper film. 

[0112] Polishing pad: IC1 000 (trade name by Rodel). 
[0113] Polishing pressure: 20.6 KPa (210 g/cm 2 ). 
[0114] Relative speed of substrate to platen: 36 m/ 
min. 
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«Matters Tested of Polished Samples» 

[0115] CMP rate: Before and after CMP, the difference 
in the copper film thickness is obtained in terms of the 
electric resistance value of the film. 

[0116] Etching rate: Before and after dipped in a met- 
al-polishing liquid stirred at 25°C at 100 rpm, the differ- 
ence in the copper film thickness is obtained in terms of 
the electric resistance value of the film. 

[0117] In order to evaluate the actual CMP character- 
istics, grooves having a depth of 0.5 pm are formed in 
an insulating layer, a copper film is formed according to 
a known sputtering process, and this is buried through 
known heat treatment. By the use of this silicon sub- 
strate with the buried copper layer thereon, CMP is car- 
ried out. This is for evaluating the actual CMP charac- 
teristics of the substrate. After CMP, the substrate is 
checked with the naked eye and microscopically with an 
optical microscope and an electronic microscope for the 
presence or absence of erosion and scratches. 

«Change with time» 

[01 1 8] Immediately after its preparation, a metal-pol- 
ishing liquid material is formulated into a metal-polishing 
liquid. On the other hand, 20 days after its preparation, 
the same metal-polishing liquid material is formulated 
into a metal-polishing liquid. The two metal-polishing liq- 
uids are subjected to the CMP under the above-men- 
tioned condition, and the CMP rate and the etching rate 
are measured to check on whether there is a difference 
in data of the two cases. 

Example 1 : 

(1) Preparation of Metal-polishing Liquid Material: 

[0119] First, 1. 5 parts by weight of DL-malic acid (spe- 
cial-grade chemical) serving as an oxidized-metal etch- 
ant was dissolved in 61 .5 parts by weight of water added 
thereto, to prepare a solution A. Next, 2 parts by weight 
of benzotriazole serving as a protective film-forming 
agent was dissolved in 5 parts by weight of ethanol serv- 
ing as a good solvent for the protective film-forming 
agent to prepare a solution B. Finally, the solution B was 
added to and mixed with the solution A to prepare a met- 
al-polishing liquid material. This is a 1 0-fold concentrate 
of a metal-polishing liquid. 

[0120] When stored at 0°C, the concentrate did not 
form a deposit therein. 

(2) Preparation of Metal-polishing Liquid: 

[01 21 ] To 7 parts by weight of the 1 0-fold concentrate, 
added was 33.2 parts by weight of aqueous hydrogen 
peroxide (special-grade chemical, aqueous 30 % solu- 
tion) serving as an oxidizing agent. Then, this was dilut- 
ed with 63 parts by weight of water serving as a diluent 


to prepare a metal-polishing liquid. 

(3) CMP Test: 

5 [0122] The resultant metal-polishing liquid was sub- 

jected to CMP under the above-mentioned polishing 
condition. The CMP rate was 129 nm/min and the etch- 
ing rate was 0.5 nm/min, and these were both good. 
And, no differences in the CM P rate and also in the etch- 
io ing rate due to change of the metal-polishing liquid ma- 
terial caused by the passage of time were found. Fur- 
ther, neither erosion nor scratches were found. 

Example 2: 

15 

(1) Preparation of Metal-polishing Liquid Material: 

[0123] First, 1.5 parts by weight of DL-malic acid (spe- 
cial-grade chemical) was dissolved in 61 parts by weight 
of water added thereto, to prepare a solution A. Next, 2 
parts by weight of benzotriazole and 0.5 part by weight 
of ammonium polyacrylate, both serving as a protective 
film-forming agent, were dissolved in 5 parts by weight 
of methanol serving as a good solvent for the protective 
film-forming agent to prepare a solution B. Finally, the 
solution B was added to the solution A to prepare a met- 
al-polishing liquid material. This is a 1 0-fold concentrate 
of a metal-polishing liquid. 

(2) Preparation of Metal-polishing Liquid: 

[01 24] 7 parts by weight of the 1 0-fold concentrate for 

the metal-polishing liquid was diluted with 63 parts by 
weight of water serving as a diluent, thereafter, 33.2 
parts by weight of aqueous hydrogen peroxide (special- 
grade chemical, aqueous 30 % solution) serving as an 
oxidizing agent was added thereto, to prepare a metal- 
polishing liquid. 

(3) CMP Test: 

[0125] The resultant metal-polishing liquid was used 
to carry out CMP under the same condition as in Exam- 
ple 1. The CMP rate was 179 nm/min and the etching 
rate was 0.5 nm/min, and these were both good. And, 
no differences in the CMP rate and also in the etching 
rate due to change of the metal-polishing liquid material 
caused by the passage of time were found. Further, nei- 
ther erosion nor scratches were found. 

Example 3: 

(1) Preparation of Metal-polishing Liquid Material: 

[0126] 1 .5 parts by weight of DL-malic acid (special- 

grade chemical) and 0.3 part by weight of polyvinyl al- 
cohol serving as a protective film-forming agent were 
dissolved in 58.7 parts by weight of water added thereto, 
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to prepare a solution A. Next, 2.5 parts by weight of tolyl- 
triazole serving as a protective film-forming agent was 
dissolved in 7 parts by weight of acetone to prepare a 
solution B. Finally, the solution B was added to the so- 
lution A to prepare a metal-polishing liquid material. This 
is a 10-fold concentrate of a metal-polishing liquid. 

(2) Preparation of Metal-polishing Liquid: 

[01 27] 7 parts by weight of the resultant 1 0-fold con- 

centrate for the metal-polishing liquid was diluted with 
63 parts by weight of water serving as a diluent, there- 
after, 33.2 parts by weight of aqueous hydrogen perox- 
ide (special-grade chemical, aqueous 30 % solution) 
serving as an oxidizing agent was further added thereto, 
to prepare a metal-polishing liquid. 

(3) CMP Test: 


(2) Preparation of Metal-polishing Liquid: 

[0133] The solutions C , F and G prepared in the above 
were mixed in a ratio by weight of 3/3/4 to prepare a 
5 metal-polishing liquid. 

(3) CMP Test: 

[0134] The resultant metal-polishing liquid was used 
to carry out CMP underthe same condition as in Exam- 
ple 1. The CMP rate was 126 nm/min and the etching 
rate was 0.4 nm/min, and these were both good. And, 
no differences in the CMP rate and also in the etching 
rate due to change of the metal-polishing liquid material 
caused by the passage of time were found. Further, nei- 
ther erosion nor scratches were found. 

Example 5: 


10 


[0128] The resultant metal-polishing liquid was used 
to carry out CMP under the same condition as in Exam- 
ple 1 . The CMP rate was 170 nm/min and the etching 
rate was 0.4 nm/min, and these were both good. And, 
no differences in the CMP rate and also in the etching 
rate due to change of the metal-polishing liquid material 
caused by the passage of time were found. Further, nei- 
ther erosion nor scratches were found. 

Example 4: 

(1) Preparation of Metal-polishing Liquid Material: 

[0129] 0.06 part by weight of naphthotriazole serving 

as a protective film-forming agent was dissolved in 0.6 
part by weight of methyl ethyl ketone, a good solvent for 
the protective film-forming agent, to prepare a solution 
A. 1 0 parts by weight of potassium periodate serving as 
an oxidizing agent was dissolved in 20 parts by weight 
of water to prepare a solution B. Next, the solution B 
was added to the solution A to prepare a solution C (this 
is a first constituent element). 

[0130] On the other hand, 0.05 part by weight of DL- 
tartaric acid (special-grade chemical) serving as an ox- 
idized-metal etch ant was dissolved in 30 parts by weight 
of water added thereto to prepare a solution D.0.01 part 
by weight of naphthotriazole was dissolved in 0.1 part 
by weight of methyl ethyl ketone to prepare a solution 
E. Then, the solution E was added to the solution D to 
prepare a solution F (this is a second constituent ele- 
ment). 

[0131] Subsequently, 0.1 part by weight of DL-tartaric 
acid was dissolved in 40 parts by weight of water added 
thereto to prepare a diluent solution G (this is an aque- 
ous solution serving as a diluent). 

[0132] The solutions C, F and G thus prepared in the 
manner as above are the materials to be formulated into 
a metal-polishing liquid. 


(1) Preparation of Metal-polishing Liquid Material: 

[0135] To 0.15 part by weight of DL-malic acid (spe- 
cial-grade chemical), added were 0.4 part by weight of 
polyacrylamide serving as a protective film-forming 
agent and 50 parts by weight of water, and these were 
dissolved to prepare a solution A. Next, 0.2 part by 
weight of benzotriazole was dissolved in 0.7 part by 
weight of ethylene glycol to prepare a solution B. Finally, 
to the solution A under heat at 45°C, the solution B was 
added to it kept at 45°C to prepare a solution C, which 
is a material for a metal-polishing liquid. The solution C 
was kept also at 45° C. 

(2) Preparation of Metal-polishing Liquid: 

[0136] Kept at 45°C, the solution C was diluted with 
20 parts by weight of water heated at 45°C, and then 
33.2 parts by weight of aqueous hydrogen peroxide 
(special-grade chemical, aqueous 30 % solution) at 
20°C was poured thereinto to prepare a metal-polishing 
liqu id. The temperatu re of the th us-prepared, metal-pol- 
ishing liquid was 36°C. 

(3) CMP Test: 

[0137] The above-mentioned metal-polishing liquid 
was used to carry out CMP under the same condition 
as in Example 1. The CMP rate was 167 nm/min and 
the etching rate was 0.3 nm/min, and these were both 
good. And, no differences in the CMP rate and also in 
the etching rate due to change of the metal-polishing 
liquid material caused by the passage of time were 
found. Further, neither erosion nor scratches were 
found. 
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Example 6: 

(1) Preparation of Metal-polishing Liquid Material: 

[0138] A metal-polishing liquid material was prepared 
in the same manner as in Example 1 . In this, however, 
benzotriazole was previously ground in a mortar with a 
pestle for 5 minutes, before it was dissolved. After thus 
ground, the benzotriazole powderwas observed with an 
optical microscope, and its mean particle size was 80 
pm. In this Example, by the use of the benzotriazole hav- 
ing a reduced particle size through this pre-treatment, 
the time taken to completely dissolve benzotriazole in 
ethanol was shortened from 5 minutes to 2 minutes. 

(2) Preparation of Metal-polishing Liquid, and CMP Test: 

[0139] By the use of the metal-polishing liquid mate- 
rial prepared in the above, a metal-polishing liquid was 
formulated in the same manner as in Example 1 . This 
was used to carry out CMP under the same condition 
as in Example 1 . As a result, the CMP rate was 130 nm/ 
min and the etching rate was 0.5 nm/min, and these 
were both good. And, no differences in the CMP rate 
and also in the etching rate due to change of the metal- 
polishing liquid material caused by the passage of time 
were found. Further, neither erosion nor scratches were 
found. 

Example 7: 


liquid material caused by the passage of time were 
found. Further, neither erosion nor scratches were 
found. 

5 Example 9: 

[0143] The metal-polishing liquid of Example 1 was 
used to carry out CMP under the same condition as in 
Example 1. In this, however, the metal-polishing liquid 
io was prepared by mixing the ingredients in the pipe line. 
Concretely, a diluted liquid prepared by diluting 7 parts 
by weight of the 1 0-fold concentrate for the metal-pol- 
ishing liquid with 63 parts by weight of water added 
thereto, and aqueous hydrogen peroxide (special-grade 
is chemical, aqueous 30 % solution) were put into different 
tanks, and these were separately fed into different pipe 
lines via different metering pumps, and mixed at the 
junction of the two pipe lines, in a flow rate ratio (by vol- 
ume) of diluted liquid/aqueous hydrogen peroxide of 
20 7/3. With that, the resulting mixture was introduced into 
a pipe line filled with a large number of glass tubes of 3 
mm in length, and then fed to the polishing pad in the 
apparatus, to carry out the polishing. 

[0144] As a result, the CMP rate was 129 nm/min and 
25 the etching rate was 0.5 nm/min, and these were both 
good. And, no differences in the CMP rate and also in 
the etching rate due to change of the metal-polishing 
liquid material caused by the passage of time were 
found. Further, neither erosion nor scratches were 
30 found. 


[0140] To the metal-polishing liquid of Example 2, 
added was 1 part by weight of colloidal silica having a 
mean particle size of 100 nm and serving as abrasive 
grains, and this was dispersed therein to prepare anoth- 
er metal-polishing liquid. The metal-polishing liquid thus 
prepared herein was used to carry out CMP under the 
same condition as in Example 1 . The CMP rate was 252 
nm/min and the etching rate was 0.6 nm/min, and these 
were both good. And, no differences in the CMP rate 
and also in the etching rate due to change of the metal- 
polishing liquid material caused by the passage of time 
were found. Further, neither erosion nor scratches were 
found. 

Example 8: 

[0141] A metal-polishing liquid was prepared in the 
same manner as in Example 2. In this, however, the so- 
lution B and 1 0 parts by weight of colloidal silica having 
a mean particle size of 48 nm were added to the solution 
A to prepare a material for the polishing liquid. 

[01 42] The metal-polishing liquid thus prepared here- 
in was used to carry out CMP under the same condition 
as in Example 1 . The CMP rate was 250 nm/min and 
the etching rate was 0.5 nm/min, and these were both 
good. And, no differences in the CMP rate and also in 
the etching rate due to change of the metal-polishing 


Example 10: 

[0145] The metal-polishing liquid of Example 4 was 
35 used to carry out CMP under the same condition as in 
Example 1 . In this, however, the polishing liquid was pre- 
pared by mixing the ingredients in the pipe line. Con- 
cretely, the solution C and a mixture of the solutions F 
and G were put into different tanks, and these were sep- 
40 arately fed into different pipe lines via different metering 
pumps, and mixed at the junction of the two pipe lines, 
in a flow rate ratio (by volume) of solution C/(solution F 
+ solution G) of 3/7. The resulting mixture was fed to the 
polishing pad in the apparatus. 

45 [0146] As a result, the CMP rate was 125 nm/min and 
the etching rate was 0.4 nm/min, and these were both 
good. And, no differences in the CMP rate and also in 
the etching rate due to change of the metal-polishing 
liquid material caused by the passage of time were 
50 found. Further, neither erosion nor scratches were 
found. 

Example 11: 

55 [0147] A metal-polishing liquid was prepared in the 
same manner as in Example 1 , except that the amount 
of ethanol used in preparing the 10-fold concentrate for 
the metal-polishing liquid in Example 1 was increased 
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from 5 parts by weight to 50 parts by weight. This was 
used to carry out CMP, and the etching rate was 0.5 nm/ 
min and the CMP rate was 62 nm/min. 

Example 12: 

(1) Preparation of Metal-polishing Liquid Material: 

[ 0148 ] First, 66 parts by weight of water was added to 
2 parts by weight of benzotriazole serving as a protec- 
tive film-forming agent, and 0.4 part by weight of poly- 
oxyethylene(1 0) glycol serving as a surfactant was add- 
ed thereto. These were stirred with a stirring blades in 
a warm water bath at 40°C, and dissolved. 1 .5 parts by 
weight of DL-malic acid (special-grade chemical) serv- 
ing as an oxidized-metal etchant was added to and dis- 
solved in the resulting solution to prepare a 1 0-fold con- 
centrate of a metal-polishing liquid which corresponds 
to the material for the metal-polishing liquid . 

[0149] When stored at 0°C, the concentrate did not 
form a deposit therein. 

(2) Preparation of Metal-polishing Liquid: 

[ 01 50 ] 7 parts by weight of the 1 0-fold concentrate for 

the metal-polishing liquid was diluted with 63 parts by 
weight of water serving as a diluent, to which was added 
33.2 parts by weight of aqueous hydrogen peroxide 
(special-grade chemical, aqueous 30 % solution) serv- 
ing as an oxidizing agent to prepare a metal-polishing 
liquid. 

(3) CMP Test: 

[ 0151 ] The resultant metal-polishing liquid was used 
to carryo out CMP under the same condition as in Ex- 
ample 1 . The CMP rate was 1 87 nm/min and the etching 
rate was 0.7 nm/min, and these were both good. And, 
no differences in the CMP rate and also in the etching 
rate due to change of the metal-polishing liquid material 
caused by the passage of time were found. Further, nei- 
ther erosion nor scratches were found. 

Example 13: 

[ 0152 ] 66 parts by weight of water was added to 2 

parts by weight of tolyltriazole serving as a protective 
film-forming agent, and then 0.4 part by weight of poly- 
oxyethylene^) octylphenyl ether also serving as a pro- 
tective film-forming agent was added thereto. These 
were stirred with a stirring blades in a warm water bath 
at 40°C, and dissolved. 1 .5 parts by weight of DL-tartaric 
acid (special-grade chemical) was added to and dis- 
solved in the resulting solution to prepare a 1 0-fold con- 
centrate of a metal-polishing liquid which corresponds 
to the material for the metal-polishing liquid. 


(2) Preparation of Metal-polishing Liquid: 

[ 01 53 ] 7 parts by weight of the resultant 1 0-fold con- 

centrate for the metal-polishing liquid was diluted with 
63 parts by weight of water, to which was added 33.2 
parts by weight of aqueous hydrogen peroxide (special- 
grade chemical, aqueous 30 % solution) to prepare a 
metal-polishing liquid. 

(3) CMP Test: 

[ 0154 ] The metal-polishing liquid was used to carry 
out CMP underthe same condition as in Example 1 . The 
CMP rate was 1 86 nm/min and the etching rate was 0.3 
nm/min, and these were both good. And, no differences 
in the CMP rate and also in the etching rate due to 
change of the metal-polishing liquid material caused by 
the passage of time were found. Further, neither erosion 
nor scratches were found. 

Example 14: 

(1) Preparation of Metal-polishing Liquid Material: 

[ 01 55 ] 0.05 part by weight of benzotriazole serving as 

a protective film-forming agent, 0.1 part by weight of am- 
monium butylsulfate serving as a surfactant, and 10 
parts by weight of potassium periodate serving as an 
oxidizing agent were added to 20 parts by weight of wa- 
ter. These were stirred with stirring blades in a warm wa- 
ter bath at 40°C and dissolved to prepare a solution A. 
[ 0156 ] Next, 0.05 part by weight of DL-tartaric acid 
(special-grade chemical) serving as an oxidized-metal 
etchant was dissolved in 30 parts by weight of water 
added thereto, and 0.15 part by weight of a benzotria- 
zole serving as a protective film-forming agent and 0.1 
parts by weight of ammonium butylsulfate serving as a 
surfactant were added thereto. These were stirred with 
stirring blades in a warm water bath at 40°C and dis- 
solved to prepare a solution B. 

[ 0157 ] In the manner as above, prepared were the so- 
lutions A and B for the material for a metal-polishing liq- 
uid. On the other hand, 0.1 part by weight of DL-tartaric 
acid was dissolved in 40 parts by weight of water added 
thereto, to prepare an aqueous diluent solution. 

(2) Preparation of Metal-polishing Liquid: 

[01 58] The solutions A, B and the aqueous diluent so- 
lution prepared in the above were mixed in a ratio by 
weight of 3/3/4 to prepare a metal-polishing liquid. 

(3) CMP Test: 

[ 0159 ] The metal-polishing liquid was used to carry 
out CMP underthe same condition as in Example 1 . The 
CMP rate was 1 26 nm/min and the etching rate was 0.4 
nm/min, and these were both good. And, no differences 
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in the CMP rate and also in the etching rate due to 
change of the metal-polishing liquid material caused by 
the passage of time were found. Further, neither erosion 
nor scratches were found. 

5 

Example 15: 

(1) Preparation of Metal-polishing Liquid Material: 

[0160] 0.15 part by weight of DL-malic acid (special- io 

grade chemical) was dissolved in 50 parts by weight of 
water added thereto. With the resulting solution being 
kept at 45°C, 0.2 part by weight of benzotriazole and 0.7 
part by weight of a surfactant, succinamide were added 
thereto and dissolved therein, to prepare a solution A. 15 

(2) Preparation of Metal-polishing Liquid: 

[0161] Kept at 45°C, the solution A was diluted with 
20 parts by weight of water heated at 45°C, and then 20 
33.2 parts by weight of aqueous hydrogen peroxide 
(special-grade chemical, aqueous 30 % solution) at 
20°C was poured thereinto to prepare a metal-polishing 
liquid. The temperature of the thus-prepared, metal-pol- 
ishing liquid was 36°C. 25 

(3) CMP Test: 

[0162] The metal-polishing liquid was used to carry 
out CM P under the same condition as in Example 1 . The 30 
CMP rate was 127 nm/min and the etching rate was 0.3 
nm/min, and these were both good. And, no differences 
in the CMP rate and also in the etching rate due to 
change of the metal-polishing liquid material caused by 
the passage of time were found. Further, neither erosion 35 
nor scratches were found. 

Example 16: 

(1) Preparation of Metal-polishing Liquid Material: *o 

[01 63] A metal-polishing liquid material was prepared 
in the same manner as in Example 1 2. In this, however, 
benzotriazole to be used was pre-treated in the same 
manner as in Example 6 to have a mean particle size of 45 
80 pm. By the pre-treatment, in this, the time for com- 
plete benzotriazole dissolution was shortened from 15 
minutes to 5 minutes. 

(2) Preparation of Metal-polishing Liquid, and CMPTest: 50 

[0164] By the use of the material prepared in the 
above, a metal-polishing liquid was formulated in the 
same manner as in Example 1 2. This was used to carry 
out CMP under the same condition as in Example 1 . As 55 
a result, the CMP rate was 1 85 nm/min and the etching 
rate was 0.6 nm/min, and these were both good. And, 
no differences in the CMP rate and also in the etching 


rate due to change of the metal-polishing liquid material 
caused by the passage of time were found. Further, nei- 
ther erosion nor scratches were found. 

Example 17: 

[0165] To the metal-polishing liquid of Example 12, 
further added was 1 part by weight of colloidal silica hav- 
ing a mean particle size of 1 00 nm and serving as abra- 
sive grains, and this was dispersed in the liquid to pre- 
pare another metal-polishing liquid. The metal-polishing 
liquid thus prepared herein was used to carry out CMP 
under the same condition as in Example 1. The CMP 
rate was 250 nm/min and the etching rate was 0.6 nm/ 
min, and these were both good. And, no differences in 
the CMP rate and also in the etching rate due to change 
of the metal-polishing liquid material caused by the pas- 
sage of time were found. Further, neither erosion nor 
scratches were found. 

Example 18: 

[0166] A metal-polishing liquid was prepared in the 
same manner as in Example 12. In this, however, 10 
parts by weight of colloidal silica having a mean particle 
size of 48 nm was further added to the 10-fold concen- 
trate for the metal-polishing liquid prepared in Example 
12, to prepare another metal-polishing liquid. 

[0167] The metal-polishing liquid thus prepared here- 
in was used to carry out CMP under the same condition 
as in Example 1. The CMP rate was 244 nm/min and 
the etching rate was 0.6 nm/min, and these were both 
good. And, no differences in the CMP rate and also in 
the etching rate due to change of the metal-polishing 
liquid material caused by the passage of time were 
found. Further, neither erosion nor scratches were 
found. 

Example 19: 

[0168] The metal-polishing liquid of Example 1 2 was 
used to carry out CMP under the same condition as in 
Example 1. In this, however, the metal-polishing liquid 
was prepared by mixing the ingredients in the pipe line. 
Concretely, a diluted liquid prepared by diluting 7 parts 
by weight of the 1 0-fold concentrate for the metal-pol- 
ishing liquid with 63 parts by weight of water added 
thereto, and 33.2 parts by weight of aqueous hydrogen 
peroxide (special-grade chemical, aqueous 30 % solu- 
tion) were put into different tanks, and these were sep- 
arately fed into different pipe lines via different metering 
pumps, and mixed at the junction of the two pipe lines, 
in a flow rate ratio (by volume) of the diluted liquid/aque- 
ous hydrogen peroxide of 7/3. With that, the resulting 
mixture was introduced into a pipe line filled with a large 
number of glass tubes of 3 mm in length, and then fed 
to the polishing pad in the apparatus. 

[0169] As a result, the CMP rate was 1 77 nm/min and 
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the etching rate was 0.5 nm/min, and these were both 
good. And, no differences in the CMP rate and also in 
the etching rate due to change of the metal-polishing 
liquid material caused by the passage of time were 
found. Further, neither erosion nor scratches were 
found. 

Example 20: 

[0170] The metal-polishing liquid of Example 14 was 
used to carry out CMP under the same condition as in 
Example 1. In this, however, the metal-polishing liquid 
was prepared by mixing the ingredients in the pipe line. 
Concretely, the solution A, and a mixture of the solution 
B and the aqueous diluent solution were put into differ- 
ent tanks, and these were separately fed into different 
pipe lines via different metering pumps, and mixed at 
the junction of the two pipe lines, in a flow rate ratio (by 
volume) of solution Absolution B + aqueous diluent so- 
lution) of 3/7. The resulting mixture was fed to the pol- 
ishing pad in the apparatus. 

[0171] As a result, the CMP rate was 1 24 nm/min and 
the etching rate was 0.4 nm/min, and these were both 
good. And, no differences in the CMP rate and also in 
the etching rate due to change of the metal-polishing 
liquid material caused by the passage of time were 
found. Further, neither erosion nor scratches were 
found. 

Comparative Example 1 : 

[01 72] A 1 0-fold concentrate for a metal-polishing liq- 
uid was prepared in the same manner as in Example 1 , 
except that ethanol was not added thereto. When this 
was stored in a refrigerator at 5°C, it formed a solid pre- 
cipitate therein. It could not be directly formulated into a 
metal-polishing liquid and therefore could not be evalu- 
ated. 

Comparative Example 2: 

[01 73] A 1 0-fold concentrate for a metal-polishing liq- 
uid was prepared in the same manner as in Example 
1 2, except that polyoxyethylene(1 0) glycol was not add- 
ed thereto. When this was stored in a refrigerator at 5°C, 
it formed a solid precipitate therein. It could not be di- 
rectly formulated into a metal-polishing liquid and there- 
fore could not be evaluated. 

INDUSTRIAL APPLICABILITY 

[01 74] The invention provides a metal-polishing liquid 
material of high concentration. For transport, storage 
and the like, the high-concentration material can be 
used, and, when carrying out the actual polishing, a pol- 
ishing liquid can be readily prepared by adding a diluent 
or the like to the material. Accordingly, the invention can 
reduce the production costs of metal-polishing liquids, 


and reduce the number of tanks necessary for storing 
and transporting metal-polishing liquids. In addition, the 
invention can reduce the space for storage of metal-pol- 
ishing liquids, and reduce the-scale of polishing devices 
5 and the volume of polishing liquid tanks and the like. 
According to the invention, buried metal layer patterns 
of high reliability can be formed. Accordingly, the inven- 
tion is especially useful for fabrication and the like of 
semiconductor devices. 

10 

Claims 


1 . A metal-polishing liquid material comprising an ox- 

15 idized-metal etchant, a protective film-forming 

agent, and a dissolution promoter for the protective 
film-forming agent. 

2. The metal-polishing liquid material according to 

20 claim 1 , further comprising at least one of an oxidiz- 
ing agent and water. 

3. The metal-polishing liquid material according to 
claim 1 , comprising the ingredient group consisting 

25 of the oxidizing agent, the oxidized-metal etchant, 
the protective film-forming agent and the dissolution 
promoter in a divided state into two constituent el- 
ements not mixed. 

30 4. The metal-polishing liquid material according to 
claim 1 or 2, wherein the dissolution promoter is a 
surfactant. 

5. The metal-polishing liquid material according to 

35 claim 4, wherein the surfactant is at least one of es- 
ters, ethers, polysaccharides, salts of amino acids, 
polycarboxylic acids, salts of polycarboxyl ic acids, 
vinyl polymers, sulfonic acids, sulfonates, and 
amides. 

40 

6. The metal-polishing liquid material according to 
claim 1 or 2, wherein the dissolution promoter is a 
solvent in which the solubility of the protective film- 
forming agent is at least 25 g/liter. 

45 

7. The metal-polishing liquid material according to 
claim 6, wherein the solvent is a good solvent for 
the protective film-forming agent. 

50 8. The metal-polishing liquid material according to 
claim 6, wherein the solvent is at least one of alco- 
hols, ethers and ketones. 

9. The metal-polishing liquid material according to 

55 claim 6, wherein the amount of the solvent is smaller 
than 50 g relative to 1 00 g of a total amount of the 
material. 
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10. The metal-polishing liquid material according to 
claim 1 or 2, wherein at least a part of the protective 
film-forming agent is solid having a mean particle 
size of at most 100 pm. 

11. The metal-polishing liquid material according to 
claim 1 or 2, further comprising abrasive grains. 

12. A metal-polishing liquid which comprises an oxidiz- 
ing agent, an oxidized-metal etchant, a protective 
film-forming agent, a dissolution promoter for the 
protective film-forming agent, and water. 

13. The metal-polishing liquid according to claim 12, 
wherein the dissolution promoter is a surfactant. 

14. The metal-polishing liquid according to claim 12, 
wherein the dissolution promoter is a solvent in 
which the solubility of the protective film-forming 
agent is at least 25 g/liter. 

15. The metal-polishing liquid according to claim 12, 
wherein at least a part of the protective film-forming 
agent is solid, having a mean particle size of at most 
100 pm. 

16. The metal-polishing liquid according to claim 12, 
further comprising abrasive grains. 

17. A method for producing a metal-polishing liquid, 
comprising a step of diluting the metal-polishing liq- 
uid material of claim 1 or 2 with a diluent. 

18. A method for producing a metal-polishing liquid of 
claim 12, comprising a step of diluting a metal-pol- 
ishing liquid material comprising at least one ingre- 
dient of an ingredient group consisting of an oxidiz- 
ing agent, an oxidized-metal etchant, a protective 
film-forming agent and a dissolution promoter for 
the protective film-forming agent, with an aqueous 
solution for dilution of at least one ingredient of the 
ingredient group. 

19. A method for producing a metal-polishing liquid 
which comprises a step of mixing the following: 

a first constituent element that contains at least 
one ingredient of an ingredient group consisting 
of an oxidizing agent, an oxidized-metal etch- 
ant, a protective film-forming agent and a dis- 
solution promoter for the protective film-form- 
ing agent, 

a second constituent element that contains at 
least one of the other ingredients of the ingre- 
dient group, and 
a diluent, 

in any desired order. 


20. The method for producing a metal-polishing liquid 
according to claim 17 or 19, wherein the diluent is 
water or an aqueous diluent solution. 

5 21. The method for producing a metal-polishing liquid 

according to claim 19, wherein the first constituent 
element comprises an oxidizing agent, and the sec- 
ond constituent element comprises an oxidized- 
metal etchant, a protective film-forming agent and 
to a dissolution promoter. 

22. The method for producing a metal-polishing liquid 
according to claim 19, wherein the first constituent 
element further comprises the protective film-form- 
ing agent and the dissolution promoter. 

23. The method for producing a metal-polishing liquid 
as claimed in claim 19, wherein in the mixing step, 
the oxidizing agent and the oxidizing agent-contain- 
ing mixture are kept at a temperature at most 40°C. 

24. The method for producing a metal-polishing liquid 
as claimed in claim 1 9, wherein at least a part of the 
protective film-forming agent is solid, having a 
mean particle size of at most 100 pm, and is dis- 
solved or dispersed in the metal-polishing liquid in 
the mixing step. 

25. A polishing method comprising a polishing step of; 

30 

applying the metal-polishing liquid of claim 12 
to a polishing pad set on a platen, and 
.polishing the surface of an article to be polished 
with the polishing pad by moving the polishing 
pad and the surface of the article relatively to 
each other while keeping the surface of the ar- 
ticle in contact with the polishing pad. 

26. The polishing method according to claim 25, further 
comprising a step of mixing the constituent ele- 
ments of the metal-polishing liquid to prepare the 
metal-polishing liquid, prior to the polishing step, 
wherein; 

the mixing step is for mixing the following: 
a first constituent element that contains at least 
one ingredient of an ingredient group consisting 
of an oxidizing agent, an oxidized-metal etch- 
ant, a protective film-forming agent and a dis- 
solution promoter for the protective film-form- 
ing agent, 

a second constituent element that contains at 
least one of the other ingredients of the ingre- 
dient group, and 
a diluent, 

in any desired order. 


25 
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